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Descriptjon 
Method and Apparatus for 
Transmitting ATM Over 
Dcployablc Line-of-Sight Channels 

Technical Ffcld 

The present invention relates generally to asynchronous transfer mode (ATM) 
transmissions. More particularly, the invention relates to a method and apparatus for 
transmitting ATM voice, video, data, and imagery over deployable line-of-sight (LOS) 
channels. 
Background Art 

The communication links for the transmission of voice, video, data, and imagery are 
fundamental building blocks for both commercial and military networks. ATM has efficient 
bandwidth utilization characteristics, enables simultaneous support for voice, video, data, and 
imagery, provides inherent support for variable transmission rates, and is commercially 
available. For these reasons, the use of ATM over different types of communication links 
is increasing. LOS ATM links and satellite ATM links serve to augment the wired ATM 
links (e.g., optical fiber links) of the commercial infrastructure networks. The ATM LOS 
and ATM satellite communications links also often serve as the backbone links for tactical 
military communications networks, which must be deployed rapidly in the field under a 
variety of geographical conditions. 

In the commercial environment, LOS and satellite links are carefully planned and 
managed. The deployment of these links in any geographical region requires attention to that 
region's terrain and atmospheric effects. For example, signal attenuation due to a regions 
average rainfall can be considered so that sufficient link margin (i.e., sufficient transmitted 
power and sufficient antenna size) is available to mitigate the attenuation and to provide low 
bit error rates (BERs). which in turn provide good link quality, for 99.9% of the year on 
average. Accordingly, when the circumstances allow for such careful planning, it is possible 
to provide very high quality links (/.t\, low BLR links). As a result, ATM can be effectively 
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carried over these links without the need for any additional physical layer error control 
beyond what is typically used. For example, commercial ATM error detection and correction 
need not be very robust, because it uses transmission links with BERs oflO" 9 to 10' 12 . 

In the military environment, however, the demands on communication links arc 
somewhat more strenuous. Moreover, a transition is currently occurring from the traditional 
time division multiplexed (TDM) based networks to an all ATM infrastructure within the 
strategic, and tactical networks of the United States military, NATO, and other similar 
organizations. Therefore, for these military and similar applications, it is necessary 10 
provide a physical layer error-control mechanism to combat the challenges presented by 
certain wireless links. Such an error-control mechanism would enable high-quality ATM 
networks to be deployed in any situation, regardless of the terrain or atmospheric conditions. 
After all, in these cases, the circumstances to carefully study the terrain and operating 
environment prior to installing a wireless link do not exist. For this reason, any such 
physical layer (PHY) error-control mechanism must provide sufficiently low decoded BER 
to allow effective ATM transmission even for channel BERs as high as 10° for data and 10* 2 
for voice. 

In order to meet the needs for communication links in the military environment, 
deploy able LOS links (or channels) are ideally suited to provide link service in such extreme 
situations. Further, deployable LOS channels can also be used as permanent extensions of 
the infrastructure network or to provide remote access to or from areas where wire line or 
heavily engineered wireless channels would be prohibitive. These channels can also offer 
the host of applications which are available over ATM, providing a quick and easily 
deployable wireless transmission system which is significantly less costly to field and 
maintain when compared to the alternatives. Yet, along with the obvious advantages of 
deployable LOS channels, there are inherent limitations. Most notably, commercial 
deployable LOS channels are subject to bandwidth restrictions and bit error rates (BERs) 
associated with this type of media. Also, military (or tactical) LOS channels provide BERs 
of only 10° to 10\ thereby compelling more powerful error correction and detection than 
provided by commercial ATM over standard LOS channels. 
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Despite these issues, thousands of deployable LOS channels have been successfully 
used worldwide for more than twenty years. The military constitutes one of the heaviest 
users of this technology, particularly ground mobile forces. Yet. other examples of users 
abound, including not only commercial but also civilian government as well as emergency 
and disaster relief entities. For instance, after the devastating hurricanes that hit Hawaii and 
Florida in recent years, deployable LOS channels were immediately set-up providing 
emergency voice and data communication linking together the many islands of Hawaii and 
servicing those areas in Florida affected by the disaster. 

As the use of deployable LOS channels becomes more prevalent for ATM 
transmissions, however, the combination of civilian and commercial ATM with military 7 and 
tactical ATM becomes more important. At present, error control sufficient for 
military /tactical uses requires greater error-correction capability and therefore more overhead 
than the standard civilian and commercial ATM. Connecting a deployable channel to an 
ATM link also raises other concerns, such as maximizing transmission efficiency and 
packaging the types of data seen in deployable LOS (e.g., tactical) environments. As a 
result, the standard ATM format used by civilian and commercial entities cannot be 
transmitted reliably over tactical transmission channels. 

Disclosure of the Invention 
Accordingly, the present invention is directed to methods and apparatuses that permit 
the connection of ATM networks in tactical environments. Such systems and methods use 
(1 ) a new ATM cell configuration; ( 2) separate encoding and decoding of header and pay load 
codes; (3) a flexible multirate encoder and decoder; (4) interleaving header and pay load bits; 
(5 ) a new method of cell synchronization; and (6) a unique tactical ATM adaptation layer. 

A method consistent with this invention of creating a frame containing tactical 
pay load data comprises the steps, executed by a data processor, of placing a portion of the 
payload data into a fixed size tactical pay load portion of a ceil in the frame; forming a tactical 
fixed size header portion of the cell containing routing information for the cell; and 
appending a synchronization character to the cell. 
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A method consistent with this invention of creating a tactical ATM frame from an 
ATM cell having header data with error detecting/correcting codes and payload data, 
comprises the steps, executed by a data processor, of placing into a header portion of the 
frame the header data from the ATM cell other than the error detecting/correcting codes; 
placing a portion of the payload data from the ATM cell into the header portion of the frame; 
placing the remainder of payload data into a payload portion of the frame: and appending a 
synchronization character to the cell. 

A method consistent with this invention of creating a frame containing tactical 
payload data comprises the steps, executed by a data processor, of placing a portion of the 
payload data into a fixed size tactical portion of a cell in the frame; forming a tactical fixed 
size header portion of the cell containing routing information for the cell; and encoding the 
header portion of the cell separately from the payload portion using a first error 
detecting/correcting code. 

A method consistent with this invention of flexibly encoding a portion of a tactical 
cell for transmission on a channel, comprising the steps of selecting an error 
detection/correction code to match transmission characteristics of the channel; setting an 
encoder to implement the error detection/correction code on the portion of the cell by storing 
generator polynomial coefficients representing the selected error detection/correction code, 
and shifting in information bits of the tactical cell portion; and forming combinations of the 
information bits based on the coefficients to encode the tactical cell portion with the selected 
error detection/correction code. 

A method consistent with this invention for transmitting a frame containing tactical 
payload data bits and header bits comprises the steps, executed by a data processor, of 
interleaving the header bits and the payload bits by inserting a header bit after a first number 
of payload bits; and transmitting the interleaved header bits and payload bits. 

A method consistent with this invention of creating a frame containing tactical 
payload data comprises the steps, executed by a data processor, of placing a portion of the 
payload data into a fixed size tactical payload portion of a cell in the frame; forming a 
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tactical fixed size header portion of the cell containing routing information for the cell: and 
appending a synchronization character to the cell that takes alternating values. 

A method consistent with this invention of converting a high layer transmission into 
a format compatible with a tactical cell comprising the steps, executed by a data processor, 
of multiplexing the transmission into tactical payload data; forming a header for use when 
reassembling information for the transmission; placing a portion of the payload data into a 
fixed size tactical payload portion of a cell; forming a tactical fixed size header portion for 
the cell containing routing information; and setting a synchronization character to the cell. 

Both the foregoing summary and the following detailed description provide examples 
and explanations to persons skilled in the relevant art. These examples and descriptions 
illustrate, but do not restrict, the claimed invention. 

Brief Description of the Drawing s 

The accompanying drawings, which are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and, together with the description, 
explain the principles of the invention. 

In the drawings: 

Figure 1 is a block diagram of a transmission network consistent with this invention; 
Figure 2A is a diagram of a standard ATM cell; 

Figure 2B is a diagram of tactical ATM frame consistent with this invention; 

Figure 3 is a diagram showing an implementation of a tactical ATM cell encoder 
consistent with this invention; 

Figure 4 is a block diagram of a tactical ATM cell decoder consistent with this 
invention; 

Figure 5A shows a system 500 with several encoder/decoder sets for different error 
detecting/correcting codes; 

Figure 5B is a diagram showing an architecture consistent with this invention for 
providing selectable error coding; 

Figure 5C is a diagram showing an architecture consistent with this invention for 
computing a partial syndrome of a header portion of a tactical ATM frame; 
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Figure 6 is a block diagram of a flexible decoder consistent with this invention; 

Figure 7 is a schematic illustration showing how the standard AAL fits within the 
ATM protocol stack consistent with this invention; 

Figure 8 shows a symbolic view of a generic AAL structure: and 

Figure 9 shows a diagram of a TAAL-1 cell consistent with this invention. 
Best Mode for Carrying Out the Invention 

Systems consistent with the present invention will be described below in accordance 
with the following table of contents of features included in such systems: 

A. Overview 

B. Specific Features 

1 . ATM Cell Configuration 

2. Separate Encoding of the Header and Payload 

a. Header-only Encoding 

b. Error-control Codes 

3. Hardware Design 

a. Tactical ATM Cell Encoder 

b. Tactical ATM Cell Decoder 

4. Multirate Encoder/Decoder 

5. Interleaving 

6. Cell Synchronization 

7. Tactical ATM Adaptation Layer Type 1 
A. Overview 

In the following description, the same reference numbers refer to the same or similar 
elements. The description is organized to show the following six features: (I) a new ATM 
cell configuration; (2) separate encoding and decoding of header and payload codes; (3) a 
flexible multirate encoder and decoder; (4) interleaving header and payload bits; (5) a new 
method of cell synchronization; and (6) a unique tactical ATM adaptation layer. Not every 
feature need be present in all embodiments of this invention. 
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Implementing error-control consistent with this invention involves developing a new 
cell format for transferring standard ATM header and payload data. The new configuration 
expands the header and permits required error detection and correction. In addition, the 
header and payload portions of the cell can be separately encoded, such as by specifically 
chosen binary Bose-Chaudhuri-Hocquenghem (BCH) codes. The code for the header is 
more powerful than the one for the payload because the header is more important, especially 
for voice and video transmission. Those transmissions tend to be in real time and require 
highly reliable delivery of the cell header. Voice and video can tolerate payload errors 
because those errors only degrade the sound or view temporarily and usually not beyond 
recognition. Data transmission does not suffer the same problems as video or voice because 
data transmission typically uses a transport layer automatic-repeat-request (ARQ) scheme 
that retransmits lost cells or payloads with uncorrectable errors. 

Systems and methods consistent with this invention can provide several options to 
accommodate different payloads. For example, such systems and methods can allow 
encoding both the header and the payload or just the header. Other systems and methods 
consistent with this invention can match the error detecting/correcting code to prevailing 
channel conditions. 

In addition, to mitigate the effect of burst errors on the header portion, header bits can 
be interleaved over the entire cell. Interleaving also breaks up the cyclic structure of the 
header code, which in turn reduces the probability of decoding the header code incorrectly 
when a received frame is misregistered. This makes frame synchronization more effective 
because the frame sync decision is based in part on successful decoding of the header. 

Figure 1 is a block diagram of a transmission network 100 that demonstrates where 
systems and methods consistent with this invention would operate. Transmission network 
100 includes network 1 10, connected to access/switching units 112, 114, 1 16, and 1 18, and 
network 120, connected to access/switching units 122, 124, 126, and 128. 

Access/switching units 116, 118, 126, and 128 include commercial ATM units. 
Accordingly, access/switching units 116, 118, 126, and 128 utilize standard commercial' 
ATM cells in transmissions via networks 110. 120. 
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Access/s witching units 112, 122 include TAAL (tactical ATM adaptation layer) 
processors 130, 135, respectively, connected to a CVSD (continuously variable slope delta) 
analog/digital and digital/analog converters 132, 137. 

Access/switching unit i 14 includes an ATM interface 140, a tactical ATM encoder 
1 42, and a tactical ATM decoder 148. Access/switching unit 124 includes an ATM interface 
1 50, a tactical ATM encoder 1 52, and a tactical ATM decoder 158. 

ATM interfaces 140, 150 follow the necessary protocols for transmitting and 
receiving standard ATM cells via networks 110 and 120, respectively. 

Encoder 142, 1 52 take the headers and payloads from the standard ATM cells and 
format them for the tactical ATM cell described below. Figure 2A is a diagram of a standard 
53-byte (424-bit) ATM cell 180. The first five bytes form header portion 1 85, one cyclical 
redundancy check (CRC) byte 190 addresses error correction, and the remaining 48 bytes 
(384 bits) comprise pay load 195. 

Decoders 148,158 take the headers and payloads for the tactical ATM cells and 
perform the operations necessary to extract the header and payload data for a standard ATM 
cell. Figure 2A does not show a synchronization character or scheme for the standard ATM 
cell, but some sort of synchronization approach (e.g., SONET) would be required. 

Access/switching units 1 12, 1 14, 116, 118, 122, 124, 126, and 128 all communicate 
with each other over a commercial wired link 159. 

Access/switching units 1 12, 1 14, 122 and 124 also communicate with each other over 
a deploy able LOS channel 160. Access/switching units 1 14, 124 repackage ATM data for 
transmission over channel 160. Encoders 142, 152 convert data, usually in the form of a 
standard ATM cell, into a format of a tactical ATM cell. . The data for the tactical ATM cell, 
however, need not come from a standard ATM cell, nor need the data from the tactical cell 
be placed into an ATM cell, although Figure 1 shows such a connection. 

Deployable LOS channel 160 preferably comprises a tactical channel, more 
specifically a tactical LOS channel, but channel 160 may also comprise a satellite channel 
or any other form of deployable LOS channel. The implementation utilized by the preferred 
embodiment was developed primarily for the tactical LOS channels used by the U.S. Army. 
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For these channels, (noncoherent) binary frequent shift keying (FSK) is used as the 
modulation format for the implementation of binary hard decisions. These channels 
generally experience BERs from 10* 3 to 10 6 with Rician fading. Also, for design and 
analysis purposes the U.S. Army uses a burst-error specification (Section 3.2. 1 . 1 . 1 .2. 1 .9 of 
"Performance Specification Central Office Telephone, Automatic AN/TTC-39 () (V)." 
Specification No. TT-B1-1 101-0001C Joint Tactical Command, Control and 
Communications Agency, Fort Monmouth, New Jersey. June 15, 1984). 

A satellite channel is less severe than the tactical LOS channel, because it does not 
experience fading and generally has BERs on the order of 10" 6 . However, the satellite 
channel typically uses quadrature phase-shift-keying (QPSK) or binary phase-shift-keying 
(BPSK) modulation formats usually combined with convolutional coding. Because the 
satellite channel is less severe than the tactical LOS channel, the disclosed implementation 
can be readily used over a satellite channel. Indeed, the disclosed implementation would 
result in even better performance over satellite channels than over LOS channels. 

Further, in the preferred implementation, the deployable LOS channel may embody 
a stand-alone unit or, alternatively, may embody a converter unit, allowing a commercial 
channel to function as a deployable tactical LOS channel. In this alternative implementation, 
the converter unit would allow both commercial and tactical uses as a communication 
channel. For example, the preferred embodiment is designed primarily for use over tactical 
channels, particularly line-of-sight (LOS) channels, which experience Rician fading. The 
BERs associated with these LOS channels range from 10° to 10' 6 . However, the disclosed 
invention would be useful and beneficial for transmission of ATM over any channels where 
the BER is higher than the typical commercial BERs of 10' 9 to i0* 12 . Therefore, for 
simplicity, the disclosure uses the terms "tactical ATM," "tactical header," "tactical payload," 
etc. to refer to the preferred embodiment. However, the use of this terminology does not 
preclude use of the invention in non-tactical commercial applications where the channel 
quality is poor {i.e., where the channel BER is high). 
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1 . ATM Cell Configuration 

Figure 2B is a diagram of tactical ATM frame 200 consistent with this invention. In 
the system shown in Figure 1, encoders 142, 152 would build frame 200, and decoders 148. 
1 58 would extract data from frame 200. 

Frame 200 includes a 5-bit synchronization character 210 and a 503-bit Tactical 
ATM cell 220 containing header and payload information from a standard ATM cell. The 
total frame (synchronization character plus tactical ATM cell) consists of 508 bits, for a 
transmission efficiency (payload per cell) of 384 payload bits/508 total bits, or 75.6%. The 
transmission efficiency of a standard ATM ceil is 48/53, or 90.6%. 

Tactical ATM cell 220 includes a header 230 and a payload 240. Header 230 
contains five bytes (or 40 bits) of data and 42 header parity check bits 235 consistent with 
an (82, 40) BCH header code that can correct up to six errors in the header portion. If the 
tactical ATM cell was formed from a standard ATM cell, the forty bits from header 230 
would preferably include the thirty-two bits from the header portion of the standard ATM 
cell, excluding the CRC byte, and the first eight bits from the payload portion. The eight 
CRC bits are discarded because header position check bits 235 serve the same or similar 
function, using the (82, 40) header code. 

Payload 240 of tactical ATM cell 200 contains 376 bits from the payload portion of 
the standard ATM cell (384 payload bits less the eight bits placed in header 230) plus 45 
payload parity check bits 245. This (421, 376) BCH payload code can correct up to five 
errors in the payload. Notably, the natural block length of a primitive BCH code is defined 
as n=2 m -l, where m is an integer. The code corrects all. error patterns up to t errors, so the 
minimum distance between codewords is 2t+l. Therefore, at least t+1 bit errors must occur 
before one codeword can be decoded into a different codeword. The codeword contains n- 
k=r<mt parity check bits. An unshortened codeword has k information bits, where k=n-r. 

The placement of the eight payload bits into the header provides a special benefit 
when payload 240 contains voice data. In that case, the first eight bits of the payload portion 
constitute an ATM adaptation layer - Type 1 (AAL-1 ) header. Although not part of the ATM 
cell header, AAL-1 header is critical to the processing (/.e., reassembly) of the voice payload. 
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Indeed, the more powerful (82, 40) header code, rather than the (421. 376) pay load code, 
protects the first eight tactical AAL-1 header bits for voice transmission. 

As Figure 2B shows, the 40 bits of tactical ATM cell header 230 include (l)a three- 
bit field 252 for a virtual path identifier (VPI) or for link maintenance (LM) information. (2) 
a nine-bit field 250 for VPL (3) a sixteen-bit field 254 for a virtual channel identifier ( VC1). 
(4) a three-bit field 256 for a pay load type indicator (PTI), (5) a one-bit field 258 for cell loss 
priority (CLP), and (6) an eight-bit field 260 representing either the first eight payload bits 
or the AAL-1 header, as explained previously. 

2. Separate Encoding of the Header and Payload 

a. Header-only Encoding 

One way to increase transmission efficiency is to encode and decode just the header, 
and leave the payload alone. The header and the first eight payload bits would still use the 
(82, 40) code, and the header structure would remain the same. The remaining 376 payload 
bits, however, would remain uncoded. and five-bit synchronization character 210 would still 
precede header 230. The resulting header-only encoded frame contains 463 bits, raising the 
transmission efficiency to 384/463 or 82.9%. 

b. Error-control Codes 

The (82, 40) and (421. 376) error detecting/correcting codes are binary BCH codes. 
These codes are very powerful. For a random {i.e., independent) error channel operating at 
a BER of 10* 5 , the (421, 376) BCH code provides a BER for the payload equivalent to 
commercial quality links (BER < 1 0* 1 "). For a random error channel operating at a BER of 
10*\ the (421, 376) code provides a decoded BER performance for the payload equivalent 
to a BER < 10* 7 . These payload BERs are sufficiently low such that TCP/IP requires few- 
retransmissions for packet sizes of interest, thereby resulting in generally high throughput 
efficiency. 

For a random error channel operating at a BER of 10°, the (82, 40) header code 
provides a cell loss ratio (CLR) of 3.6 x 1 U' !2 . For a tactical LOS link operating at an average 
BER of 10-\ the (82, 40) header code provides a cell loss ratio (CLR) of 2.7 x 10* lx . The low 
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CLRs are essential for voice transmission, because, as explained above, voice transmission 
will be acceptable at these tactical LOS link BERs as long as the cell is reliably delivered. 

One advantage of these codes is their performance over Rician fading channels. The 
Rician fading channel provides a reasonable model for the LOS channel and is more severe 
than the random error channel. For K = 10 dB and K = 20 dB Rician channels at average 
BERs of 10° and 10" 5 , the cell loss ratio and the decoded BER performance for the pay load 
are low enough to support voice, video, data, and imagery transmission. 

The header code (82,40) and the payload code (42 1, 376) represent a baseline. Other 
block codes may be used depending on the channel conditions and the desired level of error- 
control. And, consequently, the use of other codes could increase or decrease the tactical 
frame size. 

3. Hardware Design 

a. Tactical ATM Cell Encoder 
Figure 3 is a diagram showing an implementation of a tactical ATM cell encoder 300 
consistent with this invention. Encoder 300, which could serve as encoders 142 and 1 52 in 
Figure 1, receives cells having the standard ATM cell format. Preferably, encoder 300 is 
implemented in a single Field Programmable Gate Array designed using VHDL (VHSIC 
Hardware Description Language). Of course, many other implementations and designs are 
possible. 

In this embodiment, encoder 300 provides four major functions: (1) generate header 
parity; (2) generate payload parity; (3) interleave header; and (4) cell framing. The preferred 
implementation of encoder 300 has separate elements to perform these functions, although 
the same element can perform combinations of the functions as well. 

Header parity generator 310 extracts the first four bytes of the ATM cell header and 
the first byte of the cell payload and processes them according to the (82.40) BCH code to 
create a codeword with 40 information bits and 42 check bits. Header parity generator 3 1 0 
uses a linear-feedback, 42-bit shift register for the processing, although other circuity, such 
as a microprocessor, could also be used. 
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Payload parity generator 320 processes forty-seven payload bytes (all but the first 
pay load byte) using a (421 , 376) BCH code to create a codeword with 376 information bits 
and 45 check bits. Payload parity generator 320 preferably includes a 45-bit linear feedback 
shift register. 

Control 330 causes multiplexer 340 to interleave the 82 header codeword bits across 
the 421 bits of the payload codeword (or 376 bits if not using payload encoding/decoding). 
As explained below, one method of interleaving has even-' fifth bit as a bit from the header 
codeword, starting with the first bit. 

Control 330 also causes multiplexer 340 to insert the five bit synchronization 
character from sync character generator 350 at the beginning of each cell. The complete 
encoded ATM cell includes 508 bits as shown in Figure 2B (assuming that both header 
encoding and payload encoding are used). 

Parallel-to-serial register 360 converts the encoded signal into a serial. BCH-encoded 
ATM cell bitstream 370 with the appropriate clock 380. This is the cell sent over tactical 
channel 160 (Figure 1). 

b. Tactical ATM Cell Decoder 

Figure 4 is a block diagram of a tactical ATM cell decoder 400 that receives a 508-bit 
serial bit stream over tactical channel 160 (Figure 1). Decoder 400 provides four major 
functions: ( 1 ) detect framing characters; (2) determine header and payload syndrome; (3) 
apply the Massey algorithm; and (4) perform Chien search/error correction. 

Decoder 400 includes a frame processor 410 that uses correlation to detect the frame 
characters. Frame processor 4 1 0 examines the incoming bit stream and searches for the five- 
bit sync characters that precede each ATM cell. As explained below, processor 410 verifies 
framing by ensuring correct decoding of the ATM cell header. 

Separate header and payload syndrome processors 420, 425 independently analyze 
the header and payload bits. In the preferred implementation, header and payload syndrome 
processors 420, 425 use six-bit and five-bit linear feedback shift registers, respectively. 
RAM 430 stores the header and payload bits from processors 420, 425 until digital signal 
processor 440 completes the Massey algorithm. 
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The receipt of an entire cell by processors 420. 425 generates an interrupt to digital 
signal processor 440, which implements a Massey algorithm, a known algorithm for 
decoding BCH-encoded data. The Massey algorithm produces up to six error locator 
polynomial coefficients for a header codeword and up to five error locator polynomial 
coefficients for a payload codeword. Details about the Massey algorithm appear in J.L. 
Massey, "Shift-Register Synthesis and BCH Decoding," IEEE Transactions on Information 
Theory, IT-15 pp. 122-127 (1969). 

Chien search function processor 450 retrieves the stored ATM cell from dual port 
RAM and corrects the header and payload bits using those error locator polynomial 
coefficients. Preferably, Chien search function processor 450 has six and five linear 
feedback shift registers for the header and payload, respectively. Details about the Chien 
search function appear in R.T. Chien. "Cyclic Decoding Procedures for Bose-Chaudhuri- 
Hocquenghem Codes," IEEE Transactions on Information Theory, IT-18, pp. 357-363 
(1964). 

The number of bits corrected should equal the degree of the error locator polynomial. 
Disagreement indicates uncorrectable bit errors. If an uncorrectable error occurs in the cell 
header, processor 450 discards both the header and payload. If an uncorrectable error occurs 
in the cell payload, processor 450, at its own discretion, passes the payload along unaltered. 
As explained above, errors in voice and video are acceptable, and the TCP/IP functions will 
handle payload errors by requesting retransmission. Counters in processor 450 record the 
total number of received cells, the number of cells discarded due to decoding failure of the 
header code, and the number of bits corrected for later link performance analysis and to 
support the flexible rate design. 

Tactical ATM cell decoder 400 preferably includes both VHDL-coded hardware and 
assembly language firmware. Frame processor 410, header and payload syndrome 
processors 420, 425. and Chien search function processor 450 are preferably implemented 
in two field-programmable gate arrays. Digital signal processor 440 is preferably 
implemented in firmware. Of course, other technologies may also be used. 
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4. Multirate Encoder/Decoder 

Variable channel conditions have forced conventional encoders and decoders to adopt 
an error correction/detection code set for a worst case condition. Systems and methods 
consistent with this invention improve the efficiency of the tactical ATM format by selecting 
error correction/detection codes to match current channel conditions. The code of choice is 
the highest efficiency code that produces the quality of service required for the current 
channel BER. This is because the higher the efficiency, the fewer the number of parity bits, 
and the lower the overhead (code parity bits) when channel conditions are less severe. 

Binary BCH codes provide a handy mechanism for such flexibility because the 
existence of a large number of binary BCH codes provides a wide selection of block length, 
rate, and error-correction power from which to choose. Furthermore, BCH decoders can be 
configured to compute the average number of errors corrected per codeword, which provides 
the information needed to control rate changes. The full-duplex communication circuits for 
tactical ATM provide a: mechanism to request rate changes. 

Figure 5 A shows a system 500 with several encoder/decoder sets 510-512, where 
each set implements a different error detecting/correcting code. Each encoder/decoder set 
is comprised of three key parameters: (1) the number or errors to be corrected; (2) the 
primitive polynomial coefficients; and (3) the generator polynomial coefficients. The first 
two parameters are used to configure the hardware. The encoder/decoder sets 510-512 
illustrate three parameter sets that could be used to configure a single, double, and triple error 
detection and correction code for the header. A similar set of parameters would'be required 
to configure the payload error detection and correction code. 

Figure 5B is a diagram showing one possible alternative architecture for providing 
selectable error coding. Flexible encoder 520 configures itself to process codes in the desired 
range. 

Encoder 520 takes advantage of the fact that BCH codes are cyclic codes defined by 
a generator polynomial g(x) of degree r, where r is the number of parity check bits per 
codeword. Encoder 520 uses a linear feedback shift register circuit with r stages because it 
can generate codewords with the desired structure. By modifying the data used to generate 
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the codewords, the flexible architecture of encoder 520 can implement BCH codes defined 
by generator polynomials with degrees less than r. 

A control 525 in encoder 520 initializes shift register 530 by setting its storage 
elements 532, 533, 534, 535, and 536 to zero, and loading the generator polynomial 
coefficients & into coefficient register 540. Next, control 525 produces the parity check bits 
of a codeword by shifting the information bits (ij) into communications channel 550 and the 
shift register 530 while feedback is enabled. After processing the last information bit, shift 
register 530 contains the r parity check bits. Clocking register 530 r more times with the 
feedback disabled shifts the r parity check bits into the channel. This last operation also 
reinitializes the register storage elements to zero. 

Shortening the code by reducing the number of information bits per codeword, while 
keeping the same number of parity check bits, provides improved error correction 
performance. Shortening a code by s bits produces a block of length n' = n-s that protects 
k' = k-s information bits with r parity check bits per codeword. The shortened code may be 
used to correct the same number of errors as the unshortened code. 

A BCH code is shortened by eliminating the s most significant information bit 
positions. The k' information bits are shifted simultaneously into shift register 530 and the 
communication channel- and the r parity check bits are determined as before. This effectively 
involves setting the leading s information bit positions of the unshortened code to zero. 
Because leading zeroes have no impact on the encoding process, they are discarded. 

The.(82,40) and (421 .376) codes are shortened BCH codes to match the payload and 
header sizes. The (82,40) code is the (127,85) code shortened by 45 bits. The (421.376) 
code is the (5 1 1 ,466) code shortened by 90 bits. 

The architecture of shift register 530 accommodates polynomials with degree r' < r. 
Doing so requires loading the r' coefficients into coefficient register 540, aligning the most 
significant bit of the polynomial with the most significant bit of register 530. The remaining 
least significant bit positions of register 530 with no coefficients are set to zero. This 
effectively masks the unneeded stages of the register without altering the input or output 
circuitry. 
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In the preferred implementation, control 525 would determine the appropriate code 
and control the loading of coefficients and codewords appropriately. Preferably, control 525 
would indicate to the decoder the information necessary to decode the flexibly encoded 
words. 

Encoder 520 has r single bit registers that contain all the coefficients g 0 -g,., of a 
binary polynomial with coefficients from GF(2) of degree r. The most significant bit g r is 
hard-wired to a " 1 " and provides the feedback from the shift register's most significant bit. 
If a coefficient is a "I." the AND gate for that coefficient will be enabled, allowing the shift 
register's MSB to be XORed with the normal input to the corresponding shift register stage. 
If the coefficient is "0," the feedback is disabled and the normal input will be unmodified. 

To use the same circuit to encode data using another generator polynomial g' of 
degree r'(r, the r 1 binary coefficients are loaded into the corresponding gj registers, starting 
at the highest order. The remaining low order registers are disabled by loading them with 
a "0." 

Figure 5C shows a block diagram of a seven stage generalized shift register. Such 
a shift register is used by a flexible decoder to compute a partial syndrome of the header 
portion of the tactical ATM frame. Note that each bit of the shift register, bO through b6, is 
interconnected to all shift register bits through a set of seven AND gates followed by an 
Exclusive-OR tree. The AND gates select which of the shift register bits, bO through b7. 
contribute to the feedback at a specific bit position. The feedback is enabled by the mask 
register values mij which are specified by the mask value tables of Figure 5 A. For example, 
if the shift register of Figure 5C is to be configured to compute the SI partial syndrome for 

the single error correcting code of Figure 5 A, the mask register values, ml.j Q=0, 1 6), 

are the seven hex numbers listed under the column SI /CI . For example, the mask register 
value 20(H) = 100000(B) selects feedback from bit position b5 to be summed with the 
incoming received message bit ri to form the input to bO. The mask register values in the 
table are generated directly from the primitive polynomial which specifies the code. 

Figure 6 is a block diagram of a flexible decoder 600, consistent with this invention, 
that performs the three steps of decoding a binary BCH codeword: (1) computing the 
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syndromes of the received word; (2) finding the error locator polynomial from the 
syndromes; and (3) finding the roots of the error locator polynomial and correcting the errors. 
Decoder 600 includes syndrome computer section 610, Chien search section 620, and 
Massey algorithm section 630. Both syndrome computer section 610 and Chien search 
section 620, the section that finds the roots of the error locator polynomial, can be 
implemented with generalized feedback shift register circuits. The Massey algorithm is 
implemented in a general way that allows selection of the maximum number of errors to be 
corrected. 

Decoder 600, capable of correcting t errors in a received codeword, will have either 
t or 2t generalized shift registers 611,612, 614 (t shown) for computing the syndromes 
and an additional t generalized shift registers in the Chien search section 620. If t 
generalized shift registers are used for the syndrome calculation, the other t syndromes are 
computed by squaring. Details about syndrome calculation appear in W. W. Peterson, "Error- 
Correcting Codes," MIT Press, Cambridge, MA, 1961. Each of the generalized shift 
registers 611 - 614 and 621 - 624 has m stages to operate on codewords up to 2 m - I bits. 

Massey algorithm section 630 includes a programmable processor 63 1 . Preferably, 
processor 63 1 and the 2t or 3t generalized shift registers for the syndrome computation and 
the Chien search are integrated into an application specific integrated circuit (ASIC). The 
ASIC contains sufficient memory storage locations to hold all necessary shift register 
configuration data. 

Decoder 600 is initialized by providing Massey processor 630 with (I) the number 
of errors to be corrected, t; (2) the degree, m, of the primitive polynomial p(x) used to obtain 
the representation of GF(2 m ); (3) the m-tuple representing the coefficients of p(x) from 
GF(2); and (4) the shortened code word length n' < n - 2 m - 1. 

Massey processor 631 will configure itself and generate a table of m-tuples 
representing GF(2 m ). Processor 631 will also write the shift register configuration mask 
values M k j+j, represented as the matrix M T , to a configuration memory 632. 

This design enables a very high speed integrated circuit (VHSIC) binary BCH 
decoder that can reconfigure itself as channel conditions vary. The architecture also allows 
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selection of code rate and error correction power to match channel conditions. Efficiency 
is improved by selecting the highest rate code that provides the required QOS. 
5. Interleaving 

Errors usually come from noise or fading in the channel. Independent errors occur 
randomly, but other correlated errors occur in bursts. Burst errors present special problems 
because they sometimes overwhelm the error-correcting capability of the code and prevent 
error correction. Burst errors manifest as a set of consecutive erroneous bits or consecutive 
bits bounded by erroneous bits with approximately half of the bounded bits being erroneous. 

Maintaining low cell loss in the presence of burst errors is important for voice and 
video transmission because, as explained above, timely cell delivery is particularly 
important. 

Interleaving header 230 with payload 240 mitigates the effect of burst errors on the 
tacticahATM cell 220 because spreading out the header bits 230 over cell 220 reduces the 
consecutive nature of any errors. Cell loss with proper interleaving will occur only for very 
long bursts. 

For simplicity, the five sync bits in sync character 210 at the beginning of each 
tactical ATM frame 200 are not interleaved with the header and payload. Instead, sync 
character 210 remains at the beginning of each frame. Sync character 210 appears at the 
beginning of each frame. 

The preferred interleaving for frame 200 alternates four payload bits with a header 
bit to create the following pattern within each frame: 

S-S-S-S-S-H-P-P-P-P-H-P-P-P-P-H-P-P-P-P-H-P-P-P-P-H- . . . , 
where S represents a sync bit, H represents a header bit, and P represents a payload bit. This 
pattern cannot hold for the entire frame because there are 421 payload bits and only 82 
header bits. Therefore, only the first 82 sets of four payload bits are interleaved. This leaves 
421 - (82 x 4) or (421 - 328) = 93 payload bits to follow the last header bit at the end of the 
cell. The natural order of the payload bits is otherwise unaltered. 
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(e.g.. data or voice) will convert the user's information into ATM format and then reassemble 
the user's information into the original format for delivery to the destination. 

Figure 8 shows a symbolic view of a generic AAL structure. Essentially, an AAL 
processor successively encapsulates segments of the user's information stream with headers 
or trailers until it creates an ATM payload. At the destination node, an AAL processor 
converts the payload back into the original format using the header and trailer information 
to indicate to each of the AAL sublayers how to process the incoming encapsulated 
information. 

The standard AAL will not work in the tactical environment, because the tactical 
environment, AID and D/A converters, such as CVSD (continuously variable slope delta) 
analog/digital and digital/analog converters 132, 137 (Figure 1), respectively, convert analog 
voice into 16 kb/s and 32 kb/s CVSD-modulated signals and vice versa. Instead, systems 
and methods consistent with this invention require TAAL-l processors 1 30. 135 (Figure 1 ). 
Those processors package CVSD-modulated signals into payload segments for transmission 
in tactical ATM cells having the format shown in Figure 2B. 

Similar to the commercial applications. TAAL-1 processors 130, 135 demultiplex 
tactical CVSD voice or data calls and place a single 16 or 32 kb/s CVSD voice or data call 
(or a group of N multiplexed 16 or 32 kb/s CVSD calls) into 384 bit segments. Figure 9 
shows a diagram of a TAAL-1 cell 900 consistent with this invention. The first eight bits 
of cell 900 constitute the TAAL-1 header 910, and the succeeding 376 bits contain CVSD 
information (or data) 920. TAAL-1 header 910 includes: (1) the CSI (Convergence 
Sublayer Indicator), which is set to 0 for TAAL-l; (2) SN (Sequence Number), which is the 
Modulo 8 count computed and inserted by the source TAAL-1 process, used by the receiving 
endpoint to determine if cells have been lost; (3) CRC (Cyclic Redundancy Check), which 
is computed and inserted by the source TAAL-1 process across the CSI and SN bits, used 
by the receiving endpoint for error detection and 1-bit correction of CSI and SN, in 
conjunction with the P bit; and (4) parity, which is the even parity bit computed and inserted 
by the source TAAL-1 process across the 7-bit codeword, consisting of CSI, SN, and CRC. 
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TAAL-1 processors 1 30, 135 allow a single voice or data channel per ceil or multiple 
(time-synchronized TDM) voice or data channels per cell. Those processors also allow 
tandem ATM switching of cells carrying voice or data, and provide one AAL process per 
virtual circuit. In addition, during periods of cell loss at the TAAL-l reassembler, or during 
buffer underflow, fill data appropriate to the type of calls being supported is played out to 
TDM users. 

TAAL-1 processors 130, 135 for CVSD voice interfaces to two 1024 channel groups, 
and each channel can operate at 16, 32. or 64 Kbps carrying CVSD voice, PCM voice or 
data. The two 1024 channel groups are demultiplexed, and up to 400 of these channels can 
be dynamically selected for individual encapsulation into cells using a TAAL-1 . In addition, 
groups of these time slots, up to 47, can be encapsulated within a single cell stream (AAL 
process). Each TAAL-1 process is dynamically configured based on the data rate of the 
source channel or channels (16, 32, or 64 Kbps) to operate at the proper rate. Up to forty- 
seven bytes of data can be encapsulated into a single cell, each byte corresponding to a 
channel on the source 1024 channel groups. Each channel multiplexed within a single cell 
stream (a single AAL process) must be operating at the same data rate. Individual channels 
can be repeated within a specific cell, and if more than one channel is assigned to a cell 
stream (AAL process), the repetitive pattern of channels is not allowed to span multiple cells 
because the TAAL-1 does not use a Structure Pointer. Instead of a Structure Pointer, the 
TAAL-1 uses octet alignment within the cell payload to delineate a multiple channel 
structure for use when assembling information for the transmission. 

The Structure Pointer defined for commercial AAL1 is not protected by any sort of 
error detection or correction and is therefore subject to undetected corruption in a high Bit 
Error Rate (BER) environment. In addition, under high cell loss situations, a commercial 
AAL will lose synchronization with the source and have to reacquire the Structure Pointer 
before getting back in sync which means frequent periods of lost data. The TAAL-1 ensures 
that the structure is repeated consistently in every cell so that it does not need to rely on any 
sort of pointer mechanism to guarantee that the receiving end can reassemble the cell stream 
and multiplex the channels into the proper positions on the 1024 channel groups. The 
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TAAL-1 therefore does not suffer from any loss of synchronization problems like the 
commercial AAL1. 

Since cell delay variation (CDV) is small in commercial networks, commercial AAL 1 
implementations typically use small reassembly buffers. These reassembly buffers are 
designed to absorb CDV in the microsecond to very low millisecond range. In the tactical 
environment, CDVs can be large, sometimes up to almost 200 ms. The TAAL-1 
implementation was designed specifically to handle the wide variation of expected CDVs, 
from the very small commercial like values all the way up to the worst case tactical values. 

In addition, commercial implementations of AAL1 do not typically allow selection 
of the fill pattern played from the reassembly process when there is a lost cell or cell 
starvation. Commercial implementations use a default which is not user-selectable. The 
TAAL-1 allows individual selection of a repetitive eight-bit pattern for each of the up to 400 
AALs. The fill pattern can therefore be selected appropriately based on the nature of the 
source data to be encapsulated. 

In one embodiment, a single card can support 400 independent AAL processes 
running simultaneously with up to 47 TDM channels per cell and a dual TDM interface. 
There can be a sixteen cell reassembly buffers per AAL process, expandable to 128; a fast 
AAL sequence number algorithm; and no need for a structure pointer. There is also a 
dynamically-configurable fill pattern per AAL process and elastic buffering per AAL 
process. In addition, systems consistent with this invention support variable cell utilization 
(partially filled cells method) per AAL process, and 16 kb/s CVSD ? 32 kb/s CVSD. and/or 
64 kb/s PCM operation simultaneously. Also, the TAAL-1 header is protected by powerful 
error control coding, e.g., the (82. 40) binary BCH code. 

CONCLUSION 

Persons of ordinary skill in the art will recognize that various modifications and 
variations can be made in the methods and apparatuses of the present invention without 
departing from the scope or spirit of the invention. 

Other embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention. The specification and 
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examples are only exemplary. The true scope and spirit of the invention is indicated by the 
following claims. 



WO 98/34380 PCT/US98/01926 

-28- 
CMms 

1 . A method of creating a frame containing tactical payload data comprising the steps, 
executed by a data processor, of: 

placing a portion of the payload data into a fixed size tactical payload portion of a cell 
in the frame; 

forming a tactical fixed size header portion of the cell containing routing information 
for the cell; and 

appending a synchronization character to the cell. 

2. The method of claim 1 . wherein the step of placing the portion of the payload. into the 
payload portion of the cell includes the substep of 

using forty bits of the header position for header information. 

3. The method of claim 1, wherein the step of forming the tactical fixed size header 
portion includes the substep of 

placing the header into forty bits of the header portion. 

4. The method of claim 1, wherein the step of forming the tactical fixed size header 
portion includes the substep of 

placing eight bits of the payload into the header portion. 

5 . The method of claim 1 , wherein the step of appending the synchronization character 
includes the substep of 

inserting a five-bit synchronization character. 

6. The method of claim 5, wherein the step of appending the synchronization character 

includes the substep of 

placing a different synchronization character on alternate frames. 

7. The method of claim 6, wherein the substep of placing different synchronization 
characters on alternate frames includes the substep of 

using five-bit synchronization characters. 

8. The method of claim 7 ? wherein the substep of using five-bit synchronization 
characters includes the substep of 

using 1000 1 and 01 1 10 as synchronization characters. 



WO 98/34380 PCT/US98/01926 

-29- 

9. The method of claim 4. further including the step of 

encoding the header portion of the cell separately from the payload portion using a 
first error detecting/correcting code. 

1 0. The method of claim 9, further including the step of 

encoding the payload portion of the cell with a second error detecting/correcting code 
different from the first code. 

1 1 . The method of claim 10, further including the step of 

encoding the payload portion of the cell with a (421.376) BCH error 
detecting/correcting code. 

12. The method of claim 9, wherein the step of encoding the header portion of the cell 
includes the substep of 

using a (82 ; 40) BCH code. 

13. A method of creating a tactical ATM frame from an ATM cell having header data 
with error detecting/correcting codes and payload data, the method comprising the steps, 
executed by a data processor, of: 

placing into a header portion of the frame the header data from the ATM cell other 
than the error detecting/correcting codes; 

placing a portion of the payload data from the ATM cell into the header portion of 
the frame; 

placing the remainder of payload data into a payload portion the frame; and 
appending a synchronization character to the cell. 

14. The method of claim 1 3, wherein the step of piacing the portion of the payload data 
into the payload portion of the cell includes the substep of 

placing 376 bits of the payload data into the payload portion. 

15. The method of claim 13, wherein the step of placing header data into the header 
portion of the frame includes the substep of 

placing thirty-two bits of the header data into forty bits of the header portion. 

16. The method of claim 13, wherein the step of placing a portion of the payload data 
from the ATM cell into the header portion of the frame includes the substep of 
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placing eight bits of the payload data into the header portion. 

1 7. The method of claim 1 3. wherein the step of appending the synchronization character 
includes the substep of 

inserting a five-bit synchronization character. 

1 8. The method of claim 1 7. wherein the step of appending the synchronization character 
includes the substep of 

placing a different synchronization character on alternate frames. 

19. The method of claim 18, wherein the substep of placing different synchronization 
characters on alternate frames includes the substep of 

using five-bit synchronization characters. 

20. The method of claim 19 wherein the substep of using five-bit synchronization 
characters includes the substep of 

using 10001 and 01 1 10 as synchronization characters. 

2 1 . The method of claim 13, further including the step of 

encoding the header portion separately from the payload portion using a first error 
detecting/correcting code. 

22. The method of claim 2 1 , further including the step of 

encoding the payload portion of the cell with a second error detecting/correcting code 
different from the first code. 

23. The method of claim 22, further including the step of 

encoding the payload portion with a (421,376) BCH error detecting/correcting code. 

24. The method of claim 2 1 . wherein the step of encoding the header portion includes the 
substep of 

using a (82,40) BCH code. 

25. An encoder for building a frame containing tactical payload data comprising: 
means for placing a portion of the payload data into a fixed size tactical payload 

portion of a cell in the frame; 

means for forming a tactical fixed size header portion of the cell containing routing 
information for the cell; and 
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means for appending a synchronization character to the cell. 

26. The encoder of claim 25, wherein the means for placing the portion of the payload 
into the payload portion of the cell includes 

means for placing 376 bits of the payload in the payload portion. 

27. The encoder of claim 25, wherein the means for forming the tactical fixed size header 
portion of the cell includes 

means for placing header data into forty bits of the header portion. 

28. The encoder of claim 25. wherein the means for forming the tactical fixed size header 
portion of the cell includes 

means for placing eight bits of the payload into the header portion. 

29. The method of claim 25. wherein the means for appending the synchronization 
character includes 

means for inserting a five-bit synchronization character. 

30. The method of claim 29. wherein the means for appending the synchronization 
character includes 

means for placing a different synchronization character on alternate ones of the 

frames. 

3 1 . The method of claim 30, wherein the means for placing different synchronization 
characters on alternate frames includes 

means for using five-bit synchronization characters. 

32. The method of claim 31. wherein the means for using five-bit synchronization 
characters includes 

means for using 10001 and 01 1 10 as synchronization characters. 

33. The encoder of claim 25. further including 

means for encoding the header portion of the cell separately from the payload portion 
using a first error detecting/correcting code. 

34. The encoder of claim 33, further including 

means for encoding the payload portion of the cell with a second error 
detecting/correcting code different from the first code. 



WO 98/34380 * PCT/US98/01926 

-32- 

35. The encoder of claim 34, further including 

means for encoding the payload portion of the cell with a (421.376) BCTI error 
detecting/correcting code. 

36. The encoder of claim 30, wherein the means for encoding the header portion of the 
cell includes 

means for using a (82.40) BCH code. 

37. An encoder for creating a tactical ATM frame from an ATM cell having header data 
with error detecting/correcting codes and payload data comprising: 

means for receiving the ATM cell; 

means for transferring into a header portion of the frame the header data from the 
ATM cell other than the error detecting/correcting codes; 

means for transferring a portion of the payload data from the ATM cell into the 
header portion of the frame; 

means for transferring the remainder of payload data into a payload portion of the 
frame; and 

means for appending a synchronization character to the cell. 

38. The encoder of claim 37 wherein the means for transferring the portion of the payload 
data into the payload portion of the cell includes 

means for placing 376 bits of the payload data into the payload portion. 

39. The encoder of claim 37 wherein the means for transferring header data into the 
header portion of the frame includes 

means for placing thirty-two bits of the header data into forty bits of the header 
portion. 

40. The encoder of claim 37, wherein the means for transferring a portion of the payload 
data from the ATM cell into the header portion of the frame includes 

means for placing eight bits of the payload data into the header portion. 

41. The encoder of claim 37. wherein the means for appending the synchronization 
character includes the substep of 

means for inserting a five-bit synchronization character. 
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42. The encoder of claim 41. wherein the means for appending the synchronization 
character includes 

means for placing a different synchronization character on alternate frames. 

43. The encoder of claim 42. wherein the substep of placing different synchronization 
characters on alternate frames includes 

means for using five-bit synchronization characters. 

44. The encoder of claim 43, wherein the means for using five-bit synchronization 
characters includes 

means for using 10001 and 01 1 10 as synchronization characters. 

45. The encoder of claim 37, further including 

means for encoding the header portion separately from the payload portion using a 
first error detecting/correcting code. 

46. The encoder of claim 45, further including 

means for encoding the payload portion of the cell with a second error 
detecting/correcting code different from the first code. 

47. The encoder of claim 46 ? further including 

means for encoding the payload portion with a (421,376) BCH error 
detecting/correcting code. 
. 48 . The encoder of claim 45, wherein the means for encoding the header portion includes 
means for using a (82,40) BCH code. 

49. The encoder of claim 45, wherein the means for encoding the header portion includes 
a header parity generator 

50. The encoder of claim 49, wherein the header parity generator includes 
a linear- feedback, 42-bit shift register. 

51. The encoder of claim 46, wherein the means for encoding the payload portion 
includes 

a payload parity generator. 

52. The encoder of claim 5 1 wherein the payload parity generator includes 
a 45-bit linear feedback shift register. 
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53. The encoder of claim 37, further including 

means for interleaving the header portion and the payload portion. 

54. The encoder of claim 53, wherein the means for interleaving includes 
control circuitry, and 

a multiplexer, receiving data from the header portion and the payload portion and 
responsive to the control circuitry to interleave bits from the header portion with bits from 
the payload portion. 

55. A method of creating a frame containing tactical payload data comprising the steps, 
executed by a data processor, of: 

placing a portion of the payload data into a fixed size tactical portion of a cell in the 

frame; 

forming a tactical fixed size header portion of the cell containing routing information 
for the ceil; and 

encoding the header portion of the cell separately from the payload portion using a 
first error detect ing/correc ting code. 

56. The method of claim 55, further including the step of 

encoding the payload portion of the cell with a second error detecting/correcting code 
different from the first code. 

57. The method of claim 55, wherein the step of placing the portion of the payload in a 
fixed size tactical portion of the cell includes the substep of 

placing the 376 bits of the payload in the payload portion. 

58. The method of claim 57, further including the step of 

encoding the payload portion of the cell with a (421,376) BCH error 
detecting/correcting code. 

59. The method of claim 57, wherein the step of placing the header in a fixed size tactical 
portion of the cell includes the substep of 

placing the header into forty bits of the header portion. 
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60. The method of claim 59, wherein the step of encoding the header portion of the cell 
includes the substep of 

using a (82,40) BCH code. 

61. The method of claim 59, wherein the step of forming a tactical fixed size header 
portion includes the substep of 

placing eight bits of the payload into the header portion. 

62. An encoder for building a frame containing tactical payload data comprising: 
means for placing a portion of the payload data into a fixed size tactical portion of 

a cell in the frame; 

means for forming a tactical fixed size header portion of the cell containing routing 
information for the cell; and 

means for encoding the header portion of the cell separately from the payload portion 
using a first error detecting/correcting code. 

63. The encoder of claim 62. further including 

means for encoding the payload portion v of the ceil with a second error 
detecting/correcting code different from the first code. 

64. The encoder of claim 62 ? wherein the means for placing the portion of the payload 
in a fixed size tactical portion of the cell includes 

means for placing the 376 bits of the payload in the payload portion. 

65. The encoder of claim 63, further including 

means for encoding the payload portion of the cell with a (421,376) BCH error 
detecting/correcting code. 

66. The encoder of claim 62. wherein the means for placing the header in a fixed size 
tactical portion of the cell includes 

means for placing the header into forty bits of the header portion. 

67. The encoder of claim 66. wherein the means for encoding the header portion of the 
cell includes 

means for using a (82,40) BCH code. 
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68. The encoder of claim 66. wherein the means for forming a tactical fixed size header 
portion includes 

means for placing eight bits of the payload into the header portion. 

69. A method of flexibly encoding a portion of a tactical cell for transmission on a 
channel, comprising the steps of: 

selecting an error detection/correction code to match transmission characteristics of 
the channel; 

setting an encoder to implement the error detection/correction code on the portion of 
the cell by 

storing generator polynomial coefficients representing the selected error 
detection/correction code, and 

shifting in information bits of the tactical cell portion; and 
forming combinations of the information bits based on the coefficients to encode the 
tactical cell portion with the selected error detection/correction code. 

70. The method of claim 69, wherein the step of selecting the error detection/correction 
code includes the substep of 

determining the quality of the channel. 

7 1 . The method of claim 70, wherein the step of selecting the error detection/correction 
code includes the substep of 

decreasing the number of coefficients if the quality of the channel deteriorates. 

72. The method of claim 70 ? wherein the step of selecting the error detection/correction 
code includes the substep of 

increasing the number of coefficients if the quality of the channel deteriorates. 

73. The method of claim 70, wherein the step of selecting the error detection/correction 
code includes the substep of 

decreasing a number of parity check bits if the quality of the channel improves. 

74. The method of claim 70, wherein the step of selecting the error detection/correction 
code includes the substep of 

decreasing the number of coefficients if the quality of the channel improves. 
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75. The method of claim 69. wherein the step of receiving feedback indicating the quality 
of the channel includes the substep of 

receiving a message indicating the average number of number of errors corrected. 

76. The method of claim 75, wherein the step of selecting the error detection/correction 
code includes the substep of 

decreasing the number of coefficients as the number of errors decreases. 

77. The method of claim 75, wherein the step of selecting the error detection/correction 
code includes the substep of 

increasing the number of coefficients as the number of errors increases. 

78. The method of claim 75, wherein the step of selecting the error detection/correction 
code includes the substep of 

increasing a number of parity bits if the number of errors increases. 

79. The method of claim 75, wherein the step of selecting the error detection/correction 
code includes the substep of 

decreasing the number of coefficients as the number of errors increases. 

80. The method of claim 75, wherein the step of selecting the error detection/correction 
code includes the substep of 

using a binary BCH code. 

81 . An encoder for flexibly encoding a portion of a tactical ceil for transmission on a 
channel, comprising: 

means for selecting an error detection/correction code to match transmission 
characteristics of the channel; 

means for setting an encoder to implement the error detection/correction code on the 

portion of the cell by 

means for storing generator polynomial coefficients representing the selected 
error detection/correction code, and 

means for shifting in information bits of the tactical cell portion; and 
means for forming combinations of the information bits based on the coefficients to 
encode the tactical cell portion with the selected error detection/correction code. 
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82. The encoder of claim 81, wherein the means for selecting the error 
detection/correction code includes 

means for determining the quality of the channel. 

83. The encoder of claim 82, wherein the means for selecting the error 
detection/correction code includes 

means for decreasing the number of coefficients if the quality of the channel 
deteriorates. 

84. The encoder of claim 82, wherein the step of selecting the error detection/correction 
code includes 

means for increasing the number of coefficients if the quality of the channel 
deteriorates. 

85. The encoder of claim 82, wherein the means for selecting the error 
detection/correction code includes 

means for decreasing a number of parity check bits if the quality of the channel 
improves. 

86. The encoder of claim 82, wherein the means for selecting the error 
detection/correction code includes 

means for decreasing the number of coefficients if the quality of the channel 
improves. 

87. The encoder of claim 8 1 , wherein the step of receiving feedback indicating the quality 
of the channel includes 

means for receiving a message indicating the average number of number of errors 
corrected. 

88. The encoder of claim 87, wherein the means for selecting the error 
detection/correction code includes 

means for decreasing the number of coefficients as the number of errors decreases. 

89. The encoder of claim 87, wherein the means for selecting the error 
detection/correction code includes 

means for increasing the number of coefficients as the number of errors increases. 
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90. The encoder of claim 87, wherein the means for selecting the error 
detection/correction code includes 

means for increasing a number of parity bits if the number of errors increases. 

91. The encoder of claim 87, wherein the means for selecting the error 
detection/correction code includes 

means for decreasing the number of coefficients as the number of errors increases. 

92. The encoder of claim 81, wherein the means for selecting the error 
detection/correction code includes 

means for using a binary BCH code. 

93. A method of decoding a tactical cell, comprising the steps of: 
deriving circuits and tables from a primitive polynomial; 

computing syndromes of a received word using a plurality of the circuits: 
finding an error locator polynomial from the syndromes using the tables; 
finding roots of the error locator polynomial using a plurality of circuits; and 
correcting any errors by applying the error locator polynomial to the received word. 

94. The method of claim 93, wherein the step of computing the syndromes includes the 
substep of 

shifting the received word into t generalized shift registers, where t is the maximum 
number of errors correctable by the code. 

95. The method of claim 94, wherein the substep of shifting the received word into t 
generalized shift registers further includes the substep of 

shifting the received word through m stages of the shift registers, where the 
maximum block length of the code is 2 m -1 . 

96. The method of claim 93, wherein the step of finding the error locator polynomial 
includes the substep of 

performing a Chien search. 

97. The method of claim 96, wherein the substep of performing a Chien search further 
includes the substep of 
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shifting the received word into t generalized shift registers, where t is the maximum 
number-of errors correctable by the code. 

98. The method of claim 97. wherein the substep of shirting the received word into t 
generalized shift registers further includes the substep of 

shifting the received word through m stages of the shift registers, where the 
maximum block length of the code is 2 m - I. 

99. The method of claim 93, wherein the step of finding the roots of the error locator 
polynomial includes the substep of 

performing a Massey algorithm. 

100. The method of claim 99, wherein the substep of performing the Massey algorithm 
further includes the substep of 

generating a table of m-tuples representing GF(2 m ), where the maximum block length 
of the code is2 m -l. 

101. The method of claim 99, further including the step of 

initializing the Massey algorithm with the number of errors to be corrected, the 
degree of the primitive polynomial, the coefficients of the primitive polynomial, and the 
length of the cell. 

102. A decoder comprising: 

means for deriving circuits and tables from a primitive polynomial; 
means for computing syndromes of a received word using a plurality of the circuits: 
means for finding an error locator polynomial from the syndromes using the tables; 
means for finding roots of the error locator polynomial using a plurality of circuits: 

and 

means for correcting any errors by applying the error locator polynomial to the 
received word. 

1 03. The decoder of claim 1 02. wherein the means for computing the syndromes includes 
t shift registers, where t is the maximum number of errors correctable by the code. 

104. The decoder of claim 103. wherein the shift registers each include 

m stages of the shift registers, where the maximum block length of the code is 2 m -1 . 
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105. The decoder of claim 103. wherein the shift registers are integrated in an ASIC. 

1 06. The decoder of claim 102. wherein the means for finding the error locator polynomial 

includes 

a Chien search engine. 
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1 07. The decoder of claim 1 06, wherein the Chien search engine further includes 

t shift registers, where 't is the maximum number of errors correctable by the code. 

1 08. The decoder of claim 1 07, wherein the shift registers each include 

m stages of the shift registers, where the maximum block length of the code is 2 m -1 . 

1 09. The decoder of claim 108. wherein the shift registers are integrated in an ASIC. 

1 10. The decoder of claim 102, wherein the means for finding the roots of the error locator 
polynomial includes 

a Massey algorithm processor. 

1 1 1. The decoder of claim 1 10, wherein the Massey algorithm processor includes 

a table of m-tuples representing GF(2 m ), where the maximum block length of the code 
is2 m -l. 

1 12. The decoder of claim 1 10, further including 

means for initializing the Massey algorithm processor with the number of errors to 
be corrected, the degree of the primitive polynomial, the coefficients of the primitive 
polynomial, and the length of the cell. 

113. The decoder of claim 110. wherein the Massey algorithm processor is integrated in an 
ASIC. 

114. A method for transmitting a frame containing tactical pay load data bits and header 
bits, comprising the steps, executed by a data processor, of: 

interleaving the header bits and the payload bits by inserting a header bit after a first 
number of payload bits; and 

transmitting the interleaved header bits and payload bits. 

115. The method of claim 114, wherein the interleaving step includes the substep of 
placing additional payload bits after the interleaved header and payload bits. 

116. The method of claim 1 1 4, wherein there are eighty-two header bits and 42 1 payload 
bits, and wherein the interleaving step includes the substep of 

alternating four payload bits and one header bit. 

117. The method of claim 1 1 6. further including the step of 
placing 93 payload bits after the last header bit. 
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118. The method of claim 1 14. wherein there are eighty-two header bits and 376 payload 
bits, and wherein the interleaving step includes the substep of 

alternating four payload bits and one header bit. 

119. The method of claim 116. farther including the step of 
placing 48 payload bits after the last header bit. 

1 20. The method of claim 114. further including the step of 
appending a synchronization character to the cell. 

121. The method of claim 1 20. wherein the step of appending a synchronization character 

includes the substep of 

appending a five-bit synchronization character. 

122. The method of claim 1 20, wherein the step of appending a synchronization character 
includes, the substep of 

appending a synchronization character that has alternating values. 

123. An apparatus for transmitting a frame containing tactical payload data bits and header 
bits, comprising: 

means for interleaving the header bits and the payload bits by inserting a header bit 
after a first number of payload bits; 

means for transmitting the interleaved header bits and payload bits. 

124. The apparatus of claim 123, wherein the interleaving means includes 
a multiplexer. 

125. The apparatus of claim 123. wherein the means for interleaving includes 

means for placing additional payload bits after the interleaved header and payload 

bits. 

126. The apparatus of claim 123, wherein there are eighty-two header bits and 421 
payload bits, and wherein the means for interleaving includes 

means for alternating four payload bits and one header bit. 

127. The apparatus of claim 126, further including 

means for placing 93 payload bits after the last header bit. 
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1 28. The apparatus of claim 1 23. wherein there are eighty-two header bits and 376 payload 
bits, and wherein the means for interleaving includes 

means for alternating four payload bits and one header bit. 

1 29. The apparatus of claim 1 26, further including 

means for placing 48 payload bits after the last header bit. 

1 30. The apparatus for claim 1 23, further including 

means for appending a synchronization character to the cell. 

131. The apparatus of claim 130, wherein the step of appending a synchronization 
character includes the means for 

appending a five-bit synchronization character. 

132. The apparatus of claim 130, wherein the means for appending a synchronization 
character includes 

means for appending a synchronization character that has alternating values. 

133. A method of creating a frame containing tactical payload data comprising the steps, 
executed by a data processor, of: 

placing a portion of the payload data into a fixed size tactical payload portion of a cell 

in the frame; 

forming a tactical fixed size header portion of the cell containing routing information 
for the cell; and . 

appending a synchronization character to the cell that takes alternating values. 

134. The method of claim 133, wherein the step of appending the synchronization 
character includes the substep of 

inserting five-bit synchronization characters. 

135. The method of claim 134, wherein the substep of using five-bit synchronization 
characters includes the substep of 

using 10001 and 01 1 10 as synchronization characters. 

136. The method of claim 133. wherein the step of forming a tactical fixed size header 
portion of the cell includes the substep of 

extracting the header from an ATM cell. 
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137. The method of claim 133 ? wherein the step of placing a portion of the payload data 
into a fixed size tactical payload portion of a cell includes the substcp of 

extracting the payload from an ATM cell, 

138. A method of decoding frames containing synchronization characters and header 
portions, comprising the steps, executed by a data processor, of: 

detecting a first synchronization character for a first frame; 

detecting a second synchronization character for a second frame following the first 

frame in succession; 

forming a hypothesis about the construction of at least one of the frames; 
locating a header portion in one of the frames according to the hypothesis: 
decoding the header portion; and 

declaring successful framing if the synchronization characters are detected and the 
header portion is successfully decoded. 

139. The method of claim 138, further including the step of 

starting the method over if the synchronization characters are detected and the header 
portion is successfully decoded. 

1 40. The method of claim 138. wherein the step of a detecting the second synchronization 

character includes the substep of 

detecting the second synchronization character that is different from the first 
synchronization character. 

141. The method of claim 140. wherein the step of detecting a first synchronization 

character includes the substep of 

detecting a character of 1 000 K and 
wherein the step of detecting the second synchronization character includes the substep of 

detecting a character of 01 1 10. 

1 42. An encoder for creating a frame containing tactical payload data comprising the steps, 
executed by a data processor, of: 

means for placing a portion of the payload data into a fixed size tactical payload 
portion of a cell in the frame; 
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means for forming .1 tactical fixed size header portion of the cell containing routing 

information for the cell; and 

means for appending a synchronization character to the cell that takes alternating 

values. 

143. The encoder of claim '142, wherein the means for appending the synchronization 
character includes 

means for inserting five-bit synchronization characters. 

144. The encoder of claim 134, wherein the means for using five-bit synchronization 

characters includes 

means for using 10001 and 01 1 10 as synchronization characters. 

145. The encoder of claim 142, wherein the means for forming a tactical fixed size header 
portion of the cell includes 

means for extracting the header from an ATM cell. 

146. The encoder of claim 142, wherein the step of placing a portion of the payload data 
into a fixed size tactical payload portion of a cell includes 

means for extracting the payload from an ATM cell. 

147. A decoder for detecting frames containing synchronization characters and header 
portions, comprising: 

means for detecting a first synchronization character for a first frame; 
means for detecting a second synchronization character for a second frame following 
the first frame in succession; 

means for forming a hypothesis about the construction of at least one of the frames; 
means for locating a header portion in one of the frames according to the hypothesis; 
means for decoding the header portion; and 

means for declaring successful framing if the synchronization characters are delected 
and the header portion is successfully decoded. 
148. The decoder of claim 147, further including 
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means for starting the method over if the synchronization characters are detected and 
the header portion is successfully decoded. 

149. The decoder of claim 147, wherein the means for detecting the second 

synchronization character includes 

means for detecting the second synchronization character that is different from the 
first synchronization character. 

150. The decoder of claim 149, wherein the means for detecting a first synchronization 

character includes 

means for detecting a character of 1 000 1 , and 
wherein the means for detecting the second synchronization character includes 

means for detecting a character of 01 1 10. 

151 . A method of converting a high layer transmission into a format compatible with a 
tactical cell comprising the steps, executed by a data processor, of: 

multiplexing the transmission into tactical payload data; 

forming a header for use when reassembling information for the transmission; 

placing a portion of the payload data into a fixed size tactical payload portion of a 

cell; 

forming a tactical fixed size header portion for the cell containing routing 
information; and 

setting a synchronization character to the cell. 

152. The method of claim 151, further including the step of 
supporting variable cell utilization for each cell. 

153.. The method of claim 151, wherein the placing step includes the substep of protecting 
the header by a (82,40) ATM cell header codeword. 

1 54. The method of claim 151, wherein there are 400 independent AAL (ATM adaptation 

layer) processes running simultaneously, and further including the step of 

using a dual TDM (time division multiplexed) interface. 

» 

155. The method of claim 154, further including the step of 
utilizing up to forty-seven TDM channels per cell. 
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1 56. A convener for modifying a high layer transmission into a format compatible with 
a tactical cell comprising: 

means for multiplexing the transmission into tactical payload data; 
means for forming a header for use when reassembling information for the 
transmission; 

means for placing a portion of the payload data into a fixed size tactical payload 
portion of a cell; 

means for forming a tactical fixed size header portion for the cell containing routing 
information; and 

means for setting a synchronization character to the cell. 

157. The converter of claim 1 56, further including 

means for supporting variable cell utilization for each cell. 

158. The converter of claim 1 56, wherein the means for placing further includes 
means for protecting the header by a (82,40) ATM cell header codeword. 

159. The converter of claim 156, wherein there are 400 independent AAL (ATM 
adaptation layer) processes running simultaneously, and further including 

means for using a dual TDM (time division multiplexed) interface. 

160. The converter of claim 159, further including 

means for utilizing up to forty-seven TDM channels per ceil. 

161 . A method of converting a high layer transmission into a format compatible with a 
tactical cell comprising the steps, executed by a data processor, of: 

demultiplexing a transmission into tactical payload data; 

placing a portion of the payload data into a fixed size tactical payload portion of a 

cell; 

forming a header for use when reassembling information for the transmission: 
forming a tactical fixed size header portion for the cell containing routing 
information; 

setting a synchronization character to the cell. 

1 62. The method of claim 161, further including the step of 
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supporting variable cell utilization for each cell. 

163. The method of claim 161. wherein the placing step includes the substep of 
protecting the header by a (82,40) ATM cell header codeword. 

1 64. The method of claim 161, wherein there are 400 independent AAL (ATM adaptation 
layer) processes running simultaneously, and further including the step of 

using a dual TDM (time division multiplexed) interface. 

165. The method of claim 1 64. further including the step of 
utilizing up to forty-seven TDM channels per cell. 

1 66. A converter for modifying a high layer transmission into a format compatible with 
a tactical cell comprising: 

means for demultiplexing a transmission into tactical payload data; 
means for placing a portion of the payload data into a fixed size tactical payload 
portion of a cell; 

means for forming a header for use when reassembling information for the 
transmission; 

means for forming a tactical fixed size header portion for the cell containing routing 
information; 

means for setting a synchronization character to the cell. 

1 67. The converter of claim 1 66, further including 

means for supporting variable cell utilization for each cell. 

168. The converter of claim 166, wherein the means for placing further includes means 
for protecting the header by a (82,40) ATM cell header codeword. 

169. The converter of claim 166, wherein there are 400 independent AAL (ATM 
adaptation layer) processes running simultaneously, and further including 

means for using a dual TDM (time division multiplexed) interface. 

170. The converter of claim 169, further including 

means for utilizing up to forty-seven TDM channels per cell. 

171. A method of flexibly encoding and decoding a portion of a tactical frame for 
transmission on a channel, comprising the steps of: 
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selecting error detection/correction codes to match transmission characteristics of the 
channel; 

setting an encoder to implement the selected error detection/correction code on a 
portion of a cell by 

storing a generator polynomial of the selected error detection/correction code; 

and 

setting a decoder to implement the selected error detection/correction code on a 
portion of the cell by 

storing a maximum number of errors to be corrected, and 

storing a primitive polynomial of the selected error detection/correction code. 

172. The method of claim 171, wherein the step of selecting the error detection/correction 
code includes the substep of 

changing the generator polynomials to polynomials with larger degree if the quality 
of the channel deteriorates. 

1 73 . The method of claim 171, wherein the step of selecting the error detection/correction 
code includes the substep of 

increasing the maximum number of errors to be corrected by the decoders if the 
quality of the channel deteriorates. 

1 74. The method of claim 171, wherein the step of selecting the error detect ion/correction 
code includes the substep of 

changing the generator polynomials to polynomials with smaller degree if the quality 
of the channel improves. 

1 75. The method of claim 171, wherein the step of selecting the error detection/correction 
code includes the substep of 

decreasing the maximum number of errors to be corrected by the decoders if the 
quality of the channel improves. 

176. The method of claim 171, wherein the step of receiving feedback indicating the 
quality of the channel includes the substep of 
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receiving a message indicating the average number of number of errors corrected per 

frame. 

1 77. The method of claim 1 76, wherein the step of selecting the error detection/correction 
code includes the substep of 

decreasing the maximum number of errors corrected by the decoders if the average 
number of errors corrected per cell decreases sufficiently. 

1 78. The method of claim 1 76, wherein the step of selecting the error detection/correction 
code includes the substep of 

increasing the maximum number of errors corrected by the decoders if the average 
number of errors corrected per frame increases sufficiently or if the number of decoding 
failures of the header code increases sufficiently. 

1 79. The method of claim 1 76, wherein the step of selecting the error detection/correction 
code includes the substep of 

changing the generator poly nomials to polynomials with smaller degree if the average 
number of errors corrected per frame decreases sufficiently. 

180. The method of claim 176, wherein the step of selecting the error detection/correction 
code includes the substep of 

changing the generator polynomials to polynomials with larger degree if the average 
number of errors corrected per frame increases sufficiently or if the number of decoding 
failures increases sufficiently. 

181. An encoder/decoder for flexibly encoding and decoding a portion of a tactical cell for 
transmission on a channel, comprising: 

means for selecting an error detection/correction code to match transmission 
characteristics of the channel; 

means for applying the error detection/correction code to the portion of the cell 

including 

means for storing the code generator polynomials, and 

means for storing the maximum number of errors to be corrected, and 

means for storing the primitive polynomials. 
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182. The encoder/decoder of claim 181. wherein the means for selecting the error 
detection/correction code includes 

means for decreasing the maximum numbers of errors corrected if the channel 
conditions improve. 

183. The encoder/decoder of claim 18L wherein the step of selecting the error 
detection/correction code includes 

means for increasing the maximum number of errors corrected if the quality of the 
channel deteriorates. 

184. The encoder/decoder of claim 181, wherein the means for selecting the error 
detection/correction code includes 

means for changing the generator polynomials of the codes to polynomials with 
smaller degree if the quality of the channel improves. 

185. The encoder/decoder of claim 181, wherein the means for selecting the error 
detection/correction code includes 

means for changing the generator polynomials of the codes to polynomials with larger 
degree if the quality of the channel deteriorates. 

1 86. The encoder/decoder of claim 181, wherein the step of receiving feedback indicating 
the quality of the channel includes 

means for receiving a message indicating the average number of number of errors 
corrected per frame and the number of decoding failures. 

187. The encoder/decoder of claim 181, wherein the means for selecting the error 
detection/correction code includes 

means for decreasing the maximum numbers of errors corrected as the average 
number of errors corrected per frame decreases. 

188. The encoder/decoder of claim 187, wherein the means for selecting the error 
detection/correction code includes 

means for increasing the maximum number of errors corrected as the average number 
of errors per frame increases or the number of decoding failures increases. 
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189. The encoder/decoder of claim 1 87, wherein the means for selecting the error 
detection/correction code includes 

means for changing the generator polynomials of the codes to polynomials of smaller 
degree as the average number of errors corrected per frame decreases. 

190. The encoder/decoder of claim 187. wherein the means for selecting the error 
detection/correction code includes 

means for changing the generator polynomials of the codes to polynomials of larger 
degree as the average number of errors corrected per frame increases or the number of 
decoding failures increases. 

191. A method of decoding a tactical cell, comprising the steps of: 
computing syndromes from a received word; 

finding an error locator polynomial form the syndromes; 
finding roots of the error locator polynomial; and 

correcting any errors by applying the error locator polynomial to the received word. 

192. The method of claim 19K wherein the step of computing a syndrome includes the 
substep of 

shifting the received word into t generalized shift registers, where t is the maximum 
number of errors correctable by the code. 

193. The method of claim 191, wherein the step of computing the syndromes includes the 
substep of 

. shifting the received word into 2t generalized shift registers, where 2t is the 
maximum number of errors correctable by the code. 

1 94. A decoder comprising: 

means for computing syndromes of a received word; 
means for finding an error locator polynomial from the syndromes; 
means for finding roots of the error locator polynomial; and 
means for correcting any errors by applying the error locator polynomial to the 
received word. 

195. The decoder of claim 194, wherein the means for computing a syndrome includes 
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t shift registers, where t is the maximum number of errors correctable by the code. 
1 96. The decoder of claim 1 94, wherein the shift registers each include 

2t shift registers, where 2t is the maximum number of errors correctable by the code: 
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